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INTRODUCTION

Interest in the impact of oil exploration and subsequent exploitation
has provided the need to further explore and understand certain reactive
constituents and their cycles within the oceans. These trace constituents
of seawater can be excellent indicators of certain types of pollution
provided baseline levels have been established.

Trace constituents are concentrated and transported by suspended
matter, zooplankton and neuston in a variety of ways. Zooplankton have
been shown to transport trace elements through: vertical migrations across
mixing barriers (Pearcy and Osterberg, 1967), moulting of exoskeletons
(Fowler and Small, 1967), the sinking of skeletal structures after death
(Arrhenius, 1963), the incorporation of elements into fast-sinking fecal
pellets (Osterberg, et al.., 1963), and the passage of elements to a
higher trophic level (Osterberg, Pearcy and Curl, 196kL). Suspended
matter, both biogenic and terrigenous, may have elevated trace metal
concentrations from chemical processes such as chelation, adsorption,
precipitation and flocculation. This material is often adsorbed to or
ingested by small marine zooplankton wWho concentrate the metal ions and
transport them either to the benthos or higher up the food chain.

The concentration levels of different zooplankton populations may
vary due to: the amount of the element available (Goldberg, 1957);
the temperature and salinity of surrounding waters {Duke,et al, 1969);
the population turnover rates (Martin, 19?0), and the physiological state
of the organisms (Haywood, 1970). Zooplankton populations will show

further differences in elemental composition since each population can



consist of up to twelve phyla of very different morphologies and trophic
levels. Moreover, each species may exhibit vastly different chemical
contents (Nicholls, Curl and Bowen, 1959).

Heavy metal pollution has already caused severe losses of shellfish
and other commercial fisheries , as well as affecting human health in
isolated cases (Merlini, 1971). Heavy metals, unlike the major consti-
tuents of seawater, are highly reac:ive, and much needs to be known
about their transport in the marine environment. Suspended matter,
neuston, and zooplankton which are able to remove, concentrate and
transport trace metals, are thus important in the fluxes of these heavy

metals throughout the oceanic environment.
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Sample Collection

Suspended mnatter, zooplankton and neuston camples were collected
aboard the R/V TURSIOPS on four transects across the western and southern
continental shelves of Florida, Alabama and Mississippi (Figure 1).

The samples were collected during June and September of 1975, and. January .
of 1976 as part of the MAFLA project. Neuston were collected for analysis
during the last two sampling periods. ©One suspended matter and. zooplank-
ton samnle was collected at each of the fifteen stationssituated on the
transects; two neuston samples (day and night) were collected at these same
locations. Duringthe September, 1975, sampling period, one additional
sarnle was collected following Hurricane ERLOISE at Station 1205 on the
Florida Middle Grounds.

Water samples were collected at 10 meters depth on vlastic cheathed
hrdrowire using one 30 mrpolyvinyl chloride {(PyC) Tiskin rottle, with an
internal rubber closure.

Suspended materials weresevarated from the water in the 30 ¢ Niskin
bottle onto47 mm diameter, 0.4um pore size, Nucleo'pxoreR membranes.

The filtering system, which was closed to atmosphere con‘taminatior. con-
sisted of 9.5 mm |.D. silicon rubber (leached with 4 N HCl prior to samplirg)
which carried the water from the Niskinbottieto a high density, linear
polyethylene Millipore filter head. To minimize contamination during the
sampling period, the disconnected tubing was covered with polyethylene

bags. Prier to filtering a new sample the tube was flushed with approxi-
mately one liter of that sample. To prevent exposure to shipboard con-
tamination, the filters were loaded prior to sampling and removed after
sampling with Teflon "tweezers in a clean bench. Filtration was carried out
by pressurizing the Niskin bottles with 0.35 kg/cm2 of filtered nitrogen.

In an attempt to prevent any atmospheric contamination
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the system was completely sealed. to the atmosphere and was constructed of
high density linear polyethylene. To prevent contamination by material
in the nitrogen pressure cylinder, two highdensity polyethylene Milli-
pore filter heads containing 47 mm, 0.1 um pore size, NucleporeR membranes
were placed between the nitrogen source and the MNiskin bottles. The
water obtained after filtering was retained in a polyethylene reservoir
for a volume measurement.

Zooplankton samples “were collected on stepped oblique trawls with
a 0.5 mzooplankton net with a mesh size of 202 um. The bridle, net
frame and net grommets were all constructed of brass so that there
is a possibility of some contamination. All tows were done on plastic
hydrowire with the hydroweight enclosed in a large plastic bag. In an
attempt to minimize ship rust and paint contamination, the net was sent
down closed until. it was beneath the boat's keel at which time it was
opened and was closed at the same location when being brought aboard.

The net was washed down with surface water collected in plastic buckets
rather than using the ship's seawater system which would increase the
potential for sample contamination wvia the introduction of metal particles.
After removal of the plastic cod end containing the sample the net itself
was cleaned with the seawater system, rinsed overboard, and stored in
large plastic bags until the next sampling.

The zooplankton in the cod end were divided in a plastic splitter
that had been rinsed with 4 N HC1 and deionized water - one part for hydro-
carbon and the other for trace metal analysis. Excess water was removed
on a ring of No. 20 netting, and the concentrated zocoplankton were stored

in jars - acid rinsed glass jars - for the first two cruises and acid
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leached polyethylene bottles for the last cruise. These samples were
frozen until they were returned to the laboratory.

At each station neuston samples were collected once during the
day and once at night. Samples were exposed tomany possible forms of
contamination from either the portion of the water column being sampled
or from the sampling gear and technique. The neustonsled's structural
members were constructed from various forms of metal - many of them rusty.
Immediately in front of the net opening was a flowmeter with rusty
attachment hooks although on the winter cruise of 1976 this was exchanged
for a more suitable stainless steel flowmeter attached with shock
cords. The nets were continually exposed to airborne contaminants
between stations since the net remained uncovered. The greatest source
of co\ntamination was felt to be the tar balls and other miscellaneous
objects often collected (cigarette filters, plastic bags, etc. ) during
£t Ows . Although these objects comprise only a part of the neuston samples
they mask any changes occurring in the living Dbiota.

Samples after collection were concentrated on a ring of No. 20
netting, at which time large tar balls and other objects (Sargassum,
sea grass, etc. ) were removed with solid Teflon “tweezers. During the
second sampling period samples were frozen in acid-washed glass jars while

acid leached polyethylene bottles were used for the last sampling period.



Prevaration of Samples

Prefiltration preparation of the NucleppreH membranes consisted of
a 48 hr desiccation using silica-gel after which they were weighed to
the nearest microgram using a Perkin Elmer AD2microbalance. Variability
in weighing techniques was +3 micrograms as determined by replicate
weighings of membranes on consecutive days. Static electricity associated
with the membranes was removed prior to each weighing by passing the
membrane over a polonium source. The filters were then loaded into the
Millipore filter heads which had just been acid leached two hours and
washed, These filter heads were then placed 1in plastic bags for use at
sea.

After the filtration was completed, it was necessary to remove
resfﬁual sea water so the filter heads had ~15ml of deionized water
sucked through with a Nalgene hand held plastic pump. The heads were
then placed in plastic bags, sealed and refrigerated until return to the
laboratory. Here the membranes were removed and placed in linear poly-
ethylene funnels mounted in a laminar-flow clean bench, where they were
further rinsed with about 12 ml of deionized water to remove any residual
salt trapped on the filter. After a 48 hr desiccation period over
silica gel, the pads were again weighed on the Perkin Elmer balance. The
total suspended load was determined by dividing the difference between
the tare and final weight by the liters of water which had geen filtered.

To separate the particulate trace metals into a weak-acid soluble
and refractory fractions, the dissolution process was carried out in two
steps. The initial process whose purpose was to dissolve the carbonate

materials and to remove the easily reduced metal hydroxyoxides from the
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suspended matter, consisted of a two hour leach of the filter witha
solution of acetic acid (25% v/v). The procedure was carried out by
placing the folded filter in the same funnel assembly which was used to
rinse the membrane and then filling them with approximately four nl of the
acetic acid solution. After two hours the acid, retained in the funnel
by a ‘Teflon® stopcock, was drained into an acid cleaned, one ounce linear
polyethylene bottle. The filters were thentriply wvashed with deionized
water whit'n was drained into the %tottle with the filtrate. To prevent
the loss of metal species to the walls of the polyethylene bottles
(Robertson, 1068), the pH was lowered to >1 by adding 0.5 ml of concen-
trated UltrexR(J. T. Baker) hydrochloric acid. The process was com-
pleted by transferring this solution to an acid washed, 25 ml volumetric
flask, brought to volume and returned to the one ounce bottle.

This solution , referred to as the weak acid soluble fraction,
contains the material collected on the filter that is susceptible to
dissolution by a weak acid. This assumption is btased upon the findings
of Chester and Hughes (1966, 1967) that “an acetic acid (25% v/v) attack on
a pelagic clay will liberate into solution those trace elements present
in the carbonate minerals, those adsorbed onto mineral surfaces, and
those precipitated in acid-soluble iron oxide minerals, but will only
slightly affect those present in the ferro-manganese minerals." It was
estimated by these authors that only 0.85% of the Fep03contained in the
pelagic clay tested was removed by the acetic acid.

After the weak-acid dissolution process the filters were returned
to their respective vials for the second dissolution technique.

The second technique is designed to bring into solution the clay
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minerals and refractory metal oxides unaffected by the weak-acid leach.
This is carried out using an all-TeflonP decomposition vessel and is
patterned after the techniques of Buckley and Cranston (1971). However,
due to the limited amount of oceanic suspended materials which is nor-
mally available for analysis (<2000ug) the procedure has been modified
to reduce contamination and to optimize the analyses of such small
amounts of material (Fggimann and Betzer, 1976). The modified procedure
consists of placing the previously leached HNucleporeR filter with the
remaining suspended material into an all-Teflon® bomb and adding 0.75

ml of concentrated Ultrex"hydrochloric acid with an EppendorfR

pipette. The vessel is closed and sealed with = lucite collar to prevent
any loss of volatile constituents and placed in a 95°C hot water bath for
30 min. After removal, the vessel is cooled in a freezer which allows
the bomb to be opened without the loss of volatile constituents.

This is followed by the injection of 0.25 ml of concentrated Ultrexh
nitric acid, using an Eppendorfh pipette, at which point the vessel ‘is
closed and re-immersed in the controlled—temperature bath for a period
of 30 min. After this heating and a subsequent cool-down, the vessel is
opened and 0.050 ml of concentrated Ultrexvdrofluoric acid (0.05% of
the final volume) is added , again using an Eppendorfh pipette. After the
vessel is heated for a one-hour period in the water bath, it is again
-cooled and opened. The filter is removed from the vessel using Teflon ©
tweezers and placed in a linear polyethylene funnel which drains into a

100 ml, acid-washed, LPE volumetric flask. The filter is unfolded, rinsed

several times with deionized water, removed from the funnel and discarded_
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The acid remaining in the decomvrosition vessel is poured into whe funnel
and the vesselis thoroughly rinsed with deionized water. After the funnel
has been rinsed, the flask is brought to volume.

The digestion procedure itsa reliable means of dissolving clay and
refractory materials (Eggimann and Betzer,1976). Treatment of between
100 and 2000 ug of the U.S.G.S. ¥W-1 standard and the National Bureau of
Standards Plastic Clay (98a) show that the recovery of thecertified
elements (Al, Cr, Fe, Mg and Si) was within one standard deviation of
100%, indicating that there was complete dissolution of’ these materials
(Eggirmann and Betzer, 1976). The amount of reference material used in
testing the digestion procedure was chosen to encompass the normal range
of’ open-ocean suspended matter samvles. However, in this sample range,
the low levels of the remaining certified elerments{(Fleischer, 1969)
determined in this study (Cd, Cu, Pb and Ni) resulted in concentrations
below the detection limit for flameless atomic absorption (‘Table 1).

It was therefore not possible to ascertain whether these elements were
completely recovered, although the complete recovery of the other certi-
fied elements suggests that there was total destruction of the clay lattice
and, therefore, complete recovery of the trace elements also.

Zooplankton and neuston samples upon return to the laboratory were
dried in an oven at 65°c and then ground with an agate mortar and pestle
for the first two sampling periods and with a porcelain lined spex
mixer mill for the last sampling period. Previous experimentation had
shown 0.5 g of dried zcoplankton contained sufficient. quantities of

trace metals for analysis. Half gram amounts of homeogenized dried
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zooplankton were weighed onto acid clezned pyrez watch glasses with a four
place Mettler balance. These watch glasses were then transferred to an
International Plasma low temperature asher where the organic material was
oxidized leaving the trace components. The ash on the walchglasses vas
then transferred into Teflon “decomposition vessels with solid Teflon®
tweezers and three milliliters of UltrexP nitricacid&. Bombs were sealed,
enclosed with alucite collar and placed in a hot (95°C) water bath for
six hours. After this time, they were cooled in a freezer, to allow opening
and prevent the loss of any volatile components. This solution was then
transferred to 501 acid-washed, LPE, volumetric flask,and brought to
volune.
Sample Analysis
Elemental-analysis of all samples of both the suspended matter and

organisms was carried out using atomic absorption spectroscopy. Perkin
Elmer atomic adsorption spectrometers (Models403 and 503) were used for
the analysis of all elements except silica. Silica was determined On

a Technicon Autoanalyzer Il; the analyses for aluminum, cadmium, chromium,
copper, iron , lead, nickel, and vanadium were made using a heated

graphite atomizer {Perkin Elmer HGA2000 and HGA2100). Analysis of calcium
was carried out with an air-acetylene flame. The standard conditions and
instrument settings used in the flame and the flameless mode were the
same as those recommended by Perkin Elmer (1971). A1 measurements were
made in the absorbance mode, the peak heiglits being recorded on a Perkin
Elmer Model 56 recorder. The injection of samples into the heated graphite

atomizer was made using 25 or 50 uf Eppendorfh pipettes.
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The weak--acid soluble fraction of the samples was analyzed for

calcium, cadmium, chromium, copper, iron, lead, nickel and vanadiumn.

The elements analyzed with refractory fraction included aluminum,
cadmium, chromium, copper, i1ron, lead, nickel., silica and vanadium. The
zooplankton and neuston were analyzed for cadmium, chromium, copper

iron, lead, nickel and vanadium. The samples of each group were analyzed
with & minimum of three combined standards whose concentrations bracketed
those of the samples. New standards were prepared weekly from stock,
1000 ppm solutions (Fisher Certified Atomic Adsorption Standards) and
were made up in the same acid matrix as the samples. Acid matrix blanks
were also run with” standards to correct standardsfor any absorbance by
blanks. Nuclepore membrane blanks were run for the suspended matter
samples to correct for any contributions by the filter samples.

The absorbance of each sample was determined by averaging three peak
readings. This average absorbance was converted to concentration by
comparison with a working curve computed by first order regression analysis
based upon three standards. To insure linearity of the standard curves
only curves with correlation coefficients of 0.95 or greater were used
to calculate sample concentration. In an effort to reduce operator
bias, computation of the working curve and sample concentration was done
by an IR 360/65 computer.

Analytical Accuracy

Analysis of bovine liver and orchard leaves for their certified
constituents with the procedure outlined for the zooplankton and neuston,
produced recoveries within the range of the reported values (see Table 2).

Intercalibration comparisons for the digestion and analysis of zooplankton



Element

Cd

Cu

Fe

Pb

Table 2.

—1h-

Accuracy and Precision of Tissue Samples

( concentrations in ppm

Bovine liver (NBS)

0.27 + 0.04
193  + 10

270  + 20

0.34 + 0.08

dry weight)

Bovine liver (determined)*

0.32 + 0.03

187 + 8

* Mean values obtained from 20 separate analyses.
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and benthic macrofauna were performed between our laboratory and Texas
A% University (Presley). The results are presented in Table 1 and show
a good correlation.

Standard clay (W-1) in amounts bracketing our suspended lcads were
analyzed for the certified constituents with the procedure outlined
for refractory suspended material. Recoveries were within the rangeof
revorted values (see Table 3).

RESULTS AND DISCUSSION

Suspended matter, zooplankton and neuston samples were collected for
the 1975-76 MAFLA program on four transects across the continental shelf
of the northeastern Gulf of Mexico (see Figure 1). ‘ The transects will be
referred to as the 1100, 1200, 1300 and 1400 transects, as shown in Figure
1. Four stations were collected on each transect, except the 1100 transect
on which only three stations were sampled.

Sampling for the MAFLA program occurred during three seasons, but
suspended loads and their composition indicated a bi-seasonality of water
column conditions for the northeastern Gulf of Mexico. Mean suspended
loads for the summer and fall were 109+69ug/%, and 117+53ug/% respectively
(one standard deviation). A two-sample t-test of unpaired samples with
equal variances found these values not to be significantly different
at the 99% confidence level. However, the mean suspended load for the
winter was 278%210 ug/%, and a two sample t-test of unpaired samples
found the winter values to be significantly different from the summer
and fall at the 99% confidence level. When equality of variances were

tested between the winter and summer and fall, it was found that
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Table 3. Elemental recovery of UZGES~W1 standard clay.
Values presented as average precentage composition.*

Element Standard Clay (W1) Standard Clay (Determined)
510, 52.6 52.L+1 .k
A1203 6.9 1h.7+0.7
Fe203 11.2 11.0%0.4
Cabd 10.96 10.89+0.21

¥ Mean values obtained from 2 x 3 group analyses during fall and winter
sampling periods.
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the variances about the means were significantly different. This is
accounted for by the greater variability of the suspended loads for the
winter season.

Physical processes appear to be the primary cause of the seasona
differences in suspended load. Pierce (1976) has noted that in the pres-
ence of a strong halocline or thermocline, it would be doubtful. if the
mass of suspended material is ever sufficient to overcome the density
differences imposed by temperature and salinity changes between water
masses . Furthermore, Brewer and others (1976) have concluded that
advection along isopycnals is an important process in controlling the
distribution of suspended matter. Physical data, collected concurrently
with our suspended material, disclosed stable water conditions (established
thermocline and halocline) during the summer and fall in the northeastern
Gulf of Mexico. As might be expected, the suspended material which was
collected at or above (10 m) the thermocline and/or halocline was dominated
by biogenic (siliceous and calcareous) particles. The winter however,
displayed unstable water conditions (no thermoecline or halocline) and
intense mixing due to winter storms, resulting in an alteration in both
the quantity and composition of the suspended material.

An interesting corollary to the effect of physical processes on the
suspended loads occurred during the second sampling period. Station 1205

was sampled immediately prior to Hurricane ELOISE and again after the
hurricane. Suspended loads at the same station were doubled (128 wug/% to
210 ug/%) by the phiysical mixing due to the hurricane forces. Similar

1

observations were mnade off the North Carolina coast where suspended
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loads were more than doubled over pre-storm values by the passageofl a
hurricane, and within a week the concentration values had returned to
pre-hurricane values (Rodolfo, et al.., 1971).

The weak-acid soluble composition of Station 1205 after the hurri-
cane showed a five-fold increase in calcium, a four—fold increase in iron,
a doubling of lead and an increase in nickel. Calcium carbonate content of
the suspended 1oad increased from 5.3% to 23% after the hurricane. The
refractory fraction of Station 1205 showed an increase insilica, iron,
aluminum, and vanadium. Silica to aluminum ratios decreased after the
hurricane (12 to 4.1) possibly due to an increased clay content of the
suspended matter. ‘Mineralogical analysis of the suspended material,
although unable to determine an increase in suspended clay content,

did find a shift in mineral composition following the hurricane. The
percentage of chlorite, illite, and feldspar increased at the same time
kaclinite decreased. Hurricanes generate physical mixing forces which
alter the suspended loads and their composition. Similar physical
processes (no thermocline, water of lowstability,intensemixing)
occur during the winter with the same results.

The composition of’ the weak-acid soluble fraction of the suspended
matter at the fifteen stations for the three sampling sessions is presented
in Tables 4-6. This data also shows a bi-seasonality in the composition
-of the suspended matter. Weak-acid soluble calcium comprised a consis-
tent percentage (1.76#1.55) of the suspended material for all stations
during the summer and fall. It has been previously noted (BILM 2nd Quarterly

Report) that calcium values for the fall were elevated in comparison to the
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TABLE 6

B L M SUSPENDETD MATTER
WEAK ACID SOLUBLE FRACTION

CRUISE NUMBER .3 HEICHT PERCENT ELEMENT OF THE SUSPENDED LOAD
STATION DEPTH SUSPENDED 5. % 2 % % % 3 % % %
NUMBER IN M IN JOULITER AL CA Cd  CR  CU  FE NT PRSI v
“““““ TToTTTTT Tmmmmmmemen ’NEE"-"~§§~~§35§”"1ZEE"mEEBEN”“§5§"°EZEQMMYQEEQE_-IEQE’GZQQ
1101 10, 547, NA  25.27 0,04 0.04 0,02 0.64 ©99%s 0,73 ®2%e2  NA
1102 10. 437, NA  13.28 0.02 0,05 %es38 (,30 ezzes (0,29 oe235 KA
1103 10, 70, NA L37  0.12 #autn wssss 0,11 fnces 0,33 92088 N4
1206 10, 194, NA  9.47 0,05 wesns szass ] ,08 ©2e58 0,31 5e985  NA
1205 10, 57 NA Leld Qo228 &b .28 Q.67 oxtey Q.25 #xoes NA
1206 10, 758. NA 10,18 0.06 0,03 #8588 0,43 essss  (.3) esoa2  NA
1207 10, 399, NA 16656 0003 Q.06 #8263 (3] $8568 0,44 9558  NA
1303 10, 231, NA  0.18 0,07 0,01 @c8%s 3,02 svaxs 0,30 €586  NA
1305 10, 143, NA  0.35 0,11 #»u28s sowse [ 83 52984 0,35 SEEEs  NA
1310 10, 164, NA  0u12 0,10 3589 9822t (.70 #2820 Secos 95538 NA
311 10, 25, NA 0037 0.5% ®uu&é 0,47 0.74 93882 0,5] 50%¥8&  NA
1412 106 281, NA 0005 0oll 0.1T #%28¢ 21,77 2Eaws (0,36 ©8288  NA
1413 104 683, NA  0.07 04,06 Q.01 ®weem 5,31 65558 (,27 S5%%%  NA
1415 10, 31, NA  0.37 0,15 ®secs cspss 3,24 cresa (0,78 92868 NA
1415 10, 294, NA  0e28 0,09 0,02 %8886 §£,02 930s (0,52 #ease  NA
ssz%e =  NOT DETECTABLE
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first sampling period. The winter's weak-acid soluble calcium values

are skewed with extremely high calcium values reported for the | and Il
Transects (X = 12.2%) and valuesof one to two orders of magnitude lower

for the 111 and IV Transects (;fo.23%). Using the mean calcium composition
and mean suspended 1loads of the I and IT Transects, one finds that

CaC03 comprises 1.8% and 6.2%, respectively, of the SPi for the summer

and f=11l versus 30.5% of the SPY for the winter.

Weak-acid soluble cadmium remained consistent throughout the sampling
periods. Chromium, which was non-detectable during the first two sampling
sessions, was detected at certain stations during the winter where
suspended loads were relatively large (>200ug/2). Copper and lead
values were highest for the first sampling session and somewhat lower in
both subsequent sampling sessions. Weak-acid soluble iron was lowest
during the fall sampling period and comparable for summer and winter on
all transects except the IV Transect of the winter. The iron concentra-
tion on the IV Transect was 8-36 times greater during the winter
(i.e. )? = 0.93% for winter, }_{ = 0.021% for fall, X = 0.10% for summer) than
in the fall and summer. Simultaneously, high refractory aluminum, iron,
arrd silicon values suggest that this weak-acid soluble iron results from a
poorly structured hydroxyoxide form in association with clay material.

This is further discussed in another section of this report.

The composition of the refractory suspended matter for the three
sampling periods is presented in Tables 7-9. 1Interesting trends and
differences were evident in this fraction. Aluminum, iron, and silica
concentrations were greatest during the winter sampling. This could have

resulted from river runoff, resuspension of bottom sediments, and increased
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TABLE 8
8 L M S UsepENO E ) M A TTER
REFRACTCRY FRACTION

CRUISE NUMBER 2 WEIGHT PERCENT ZLEMENT OF THE SUSPENDED LOAD
STATION DEPTH SUESESDED N 4 % % % % % % % %
HUMBER  IN M IN JG/LITER AL o CD CR, cu FE NI PR S1 v
TTTTrTm oTTTTm T T TTIXTTTTINT 100X 100X 100K 10X 1X 100% 1Az 1x.
1ic1 10, 197, 0.17 Na Go05 0,30 0,08 1.13 ws2er 0,98 5,006 =vsess
1102 10, 53, 0,09 NA 024 0062 "0o35 0,66 %9%ea2 1,30 4,74 ®8csw
1103 10, 63, 0.15  Na 0,63 1,36 #axss  §,7)] wswee 1,50 5,09 ocwes
1204 10, 184, 0040 NA o003 Q.53 #edee 2 33 #5239 §,53 4,935 #2scn
1203 10, 128, 0.45 N A 0,08 0,354 #zs0w 1,90 #e£32 0,80 5,48 wsess
1215 # 10, 210, 191 N A 0,05 0,69 0012 7,12 owssse (0,85 7T.78 ¢vsas
. 1206 10, 104, 0060 N A 0,07 0,67 020 1,71 %%%0% (0,80 4,05 #zoxa
1207 10, 134, 1.10 A 0olé 0,346 0,2% 4,34 28588 0,A4 3,64 ®22n3
1308 10, 111, 0o17 N A 0036 0,93 #xa&e ], 71 #%%e9 1,01 4,61 *vezs
1309 10, 54 o Dol NA Doll D75 wndwe 1,22 woews 1,83 3,65 veess
1319 10, 93, D.1% N4 008 5,063 Suste Z,07 2&nse (.7 2,79 Ho%an
1311 10, 164, 0,68  N& 5,07 0,58 #5%%% 2,55 wnsss 0,50 4.29 ®eexs
1412 10, 158, 0.553 NA GoTS 1461 2,41 3,56 #2580 4,38 7,94 ®"uscs
1413 10, 122, 0053  NA 0,04 1.71 2=208 2,42 «e23vy 2,14 6.35 essca
1414 10, 37 o D53  NA 00,56 2,22 ®¥REX 525 CHRHO 4,44 ]le20 wRAcw
1415 10, 75, 040 NA 0,03 l.24 #oxes 1,351 #2986 1,68 5,71 oscex

¢
51
@
o
O
]

NOT DETECTABLE
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TABLE 9
B L M SUsSpPENDTED MAaTTER

REFRACTORY, FRACTION

CRULSE NuwBeR .3 REIGHT PERCENT ELEMENT OF THE SUSPENDED LOAD
STATION DEPTH SU:SFgDED ¥ % 5 % - % S % % % ®
NUMBER IN M IN JB/LITER AL o o CR cu FE NT PRSI v
T T T T OTTIXTTTTIX Tisox 100X 100X 10X 1X 100X 1x  1X.
1101 10, 367, l.12 NA  wasss  §,3D asses 4 B8P #udes (0. 23 9,34 "Leo0
1102 10, 437, 175 N4 005 Q.66 wabis 7,65 2208 D,16 B.42 "o
1103 10, 70, 0.33 NA  feazs (.45 Desss 2 07 siadon 0,88 7,01 =n2e0
1204 10. 194, 1.76 Na  ®aw#is D 48 wwddar  £,02 #a208 (,5] 17.66 #ewe2
1205 10, 57, 1411 NA 1,10 0,83 ve2e8 5,93 #uwesr 1,69 19,55 #esos
1206 10, 758, 1,71 Na 0.05 0,30 ##2ve 4,03 #2é¢sz §,]11 T.37 &zoooe
1207 10, 369, 1.648 Na  oawnss 0,48 wobes 7 39 easwd (0,18 12,91 cwwes
1308 10, 231, 22713 Ne o saRde J,56 fndeR 10,55 =astd 0,53 16,44 wwess
1209 106 143, RaTl6 N ®eeed (.55 #ew2e 102,72 #8843 0,50 11.63 w#a=ee
1310 10. 164, D.96 N 082 0657 5.17 8.46 22558 3,08 22,38 Rosss
i311 10, €5, 0647 Ng o wasnk 1,05 wadeks 3,53 wnsed .77 26,55 wwtes
1612 10, 2381, 2.29 NA  ®oede  } 13 Re¥RR 23,83 #eve 0,90 30.42 mIwwn
1413 10 483, B.84 NA Bezes 0,00 &&R22 38,28 “eRsd ).,55 27,40 vecae
1614 10, 91, 5a25  N& @2888 2,03 seoow 32,35 #8sd® 1,42 26013 0FwEe
1615 10, 294, &o73 MA  wwoEs 08 RERER 24,74 SR000 (T3 22,42 found
veoee =

NOT DETECTABLE
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primary prod uctivity (distoms) . It is likely that all three mechanisms

arc operating to elevate certain elements depending upon the sample location.
An excellent tool for evaluating theorigin of the particles is the weight
ratios of each element to refractory aluminum (see Tables 1.0-15).

Refractory aluminum is used because it is not greatly concentrated by
organisms and has a primary source inclay minerals.

Diatoms, which utilize silica in their frustules , would, upon
analysis show a high silicon/aluminun ratio (>A) since they incornorate
riinor amounts of aluminum (see Bennekom and Gaast, 1976). Fowever, clays,
which are alumino-silicate minerals , would disvlay low silicon/aluminum
ratios (2 - 6:1). Examination of Tables 10-15 show low silicon/aluminun
ratios on the IV Transect of the third sampling veriocd when compared to
the IV Transects of the other sampling vperiods. These alumino-silicate
values result from an increased clay content of the winter suspended
loads (V60%). Whereas high calcium values occurred on the carbonate-
rich West Florida shelf (Davies and 'oore, 1970), the high alumino-silicate
values occur on the Mississipopi-Alabama shelf where clays are an important
part of the bottom sediments (Griffin, 1962). This reflection of shelf
sediment composition by the suspended matter implies that physical processes
were sufficient to resuspend and transport bottom and river material during
the winter in the northeastern Gulf of exico. The high silicon/aluminum ratios
found on other transects and at other times of the year indicatle increased
silica concentrations resulting from biological sources or quartz sand which
would essentially dilute t'he existingclay. Suspended mineralogy work by
Dr.Huang found quartz to be present at 80%of the stations samples in

amounts sufficient to contribute significant quantities of silica.
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The distribution of nearshore particulate iron has been found to be
dominated by the presence of detrital silicates, although the concentra-
tion of marine organisms in surface waters can also be significant (Spencer,
et at., 1972). It is therefore interesting to note the consistency of
the Fe/Al ratios for the winter and fall sampling (see Figure 2), except
at those statlions during the fall where the Cr/Al ratios are very high
and then the Fe/Al ratios are also high (Stations 1310, 1103). A corre-
lation coefficient of 0.96 was calculated bhetween Al and Fe for the fall
and winter (excluding Stations 1310 and 1103 at the fall), whereas a
correlation coefficient of 0.75 was calculated between AS and Fe for the
surier. The lower correlation of the early summer is believed to have
resulted from increased biological activity by amorohous silica secreting
organisms, diatoms. The high silica concentrations and high Si/Al ratios
onall the transects during the summer indicate that diatoms dominate the
suspended composition and incorporating Fe, unsupported by aluminim
during growth. However the fall and winter periods were dominated by
carbonate organisms and resuspended sediments respectively, and here the
particulate iron is associated with detrital silicates. Thus it would
seem that particulate iron in surface water of the northeastern Gulf of
Mexico is primarily controlled by detrital silicates “although biological
organisms are important seasonally, depending on the concentration and type
of organisms present.

Refractory iron concentrations were greatly elevated on the
IV Transect during the winter compared to other sampling seasons,

This obviously resulted from increases in the contribution of clay
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Figure 2. Refractory Al versus Refractory Fe
for second and third sampling sessions.
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minerals made to the suspended matter.

[.mineralogical analysis of the suspended fraction from the IV Transect
showed that smectite and kaolinite were dominant during the winter.

This assemblage of suspended clays should have a Fe/Al ratio of approxi-
mately 0.055 for smectite (Degens, 1965) and 0.051 for kaclinite (Weaver
and Pollard, 1976). However, our data for the IV Transect shows Fe/AL
ratios of 0.29 - 0.52. This discrepancy can be explained by the existence
of free ferric oxide vparticles and/or the adsorption of iron to the clay
particles. Tieh and Pyle (1972) described cores from the same region
composed of composite clay particles stained with iron oxides and/or
hydroxides. The concurrently high weak-acid soluble and refractory iron
concentrations for the IV Transect indicate iron to be partitioned at
different oxidation states possibiy indicative of recently deposited
sediments and/or river runoff.

Refractory chromium showed some interesting trends during the three
sampling periods. During all seasons, chromium appears to increase as
one goes from the | to the IV Transects, High Cr/Al ratios are generally
found at those stations with high Si/Al ratios, and it is possible
that biological mechanisms might, in part, be responsible for these increased
chromium concentrations in suspended matter.

Refractory lead is another element that appears -to be influenced
by biological activity. High Pb/Al ratios are often matched with high
Si/Al ratios and this is particularly evident during the fall sampling
session. It is noted that high Pb/Al and high Cr/Al ratios appear to
occur at those stations where there are low suspended loads, which could

result in artificially high element-to-aluminum ratios because of the
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increased possibility of contamination. However, with elevated Cr/Al
ratios onechould expect elevated Fe/Al ratios if contamination occurred.
This appears tobe the case for Stations 1103 and 1310 during the fall
but still does not explain many other stations of the summer, fall and
winter which have elevated Cr/Al and Pb/Al ratios occurring with high
Si/Al ratios.

It is difficult to discuss refractory copper, nickel and vanadium
since they were often at the detection limits of our analytical procedure.
Comparison and interrelation of our data with the mineralogy of
suspended matter and sediments (Dr. W.Fuang) provides further insights
into our results. The dominant clay mineral on the Mississippi-Alabama

shelf is smectite with both chlorite and chlorite-vermiculite mixed

layers present in trace amounts (Table 16). If the suspended minera-
ology data is examined for the IV Transect (Table 17) one finds smectite
present at only one station for the summer and fall but present at all
stations during the winter. Thus it would appear that physical processes
are causing the suspended mineralogy to more closely reflect the sediments
mineral composition during the winter. ‘This is consistent with our
conclusion that clays dominate the suspended material during the winter,
but not during the remainder of the year on the IV Transect.

Suspended mineralogy from the winter found carbonates ({aragonite,
low magnesium calcite, high magnesium calcite and dolomite) present in
appreciable amounts on the | Transect, and to quote Dr.Huang,"These
suggest that some stirring up from the %Yottom sediments may have occurred.”

This data corroborates our elevated carbonate wvalues found onthe Iand

IT Transects during the winter. Similarly, we also attribute
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Table 1G. Clay Mineral Content (%) of Surface Sediments from +the MAFLA
Sites (Preliminary Results)

Chlorite of
Chlorite-Vermiculite
Station No. Smectite mixed layer _ Iilite Kaolins
2101 8 64 11 17
2102 10 54 10 26
2103 T 48 8 43
2104 T 62 5 32
2105 0 39 © 1k W
2106 24> 28 15 33
2207 ) 54 11 35
2208 7 44 8 41
2209 7 45 6 42
2211 L 45 5 46
2212 37 21 13 29
2313 46 13 10 31
2316 7 43 6 Wl
2317 3 39 9 49
2318 8 39 5 48
2419 3 39 L 54
2420 5 37 6 52
2h21 h 29 2 65
2422 12 22 5 61
2423 15 16 L 65
2424 11 20 8 61
2h25 5 39 8 48
2426 1k 29 8 49
2427 45 9 8 38
2528 11 34 3 52
2529 9 36 I 51
2530 18 35 4 43
2531 16 23 7 54
2532 24 28 10 38
2533 27 21 10 Lo
2534 ok 20 4 52
2535 37 15 7 b1
2536 Lg 5 8 38
2637 74 2 3 21
2638 82 5 4 9
2639 75 3 7 15
26L0 61 6 10 23
26L1 55 T 12 32
26L2 43 6 17 34
2643 76 T 6 17
264 49 4 1h 33
2645 61. L 9 26

¥ pxpanded mixed layers
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Table 17. The Content (%) of Clay Minerals in Suspended
Particulute Matter from 10 m Depth on the
West Florida Shelf

July 14, 1975 and July 21, 1975

Station No. Smectite Chlorite I1llite Kaolinite Talc
1101 18 19 40 23
1.102 T 7 25 27 41

1103 12 18 34 36
1204 15 29 27 29
1205 15 15 20 50
1206 19 17 33 31
1207 T 38 62 T
1308 17 16 26 41
1309 6 23 24 47
1310 T 11 13 30 57
1311 32 20 Lo 16
1k12 11 18 18 L3 10
1413 T 46 54 -
1414 T 23 28 Lg
1415 11 12 16 61

T Trace Amount



Table 17. The Content (%) of Clay Minerals in
continued Suspended Particulate Matter from
10 m Depth on the West Florida
Shelf

September 16, 1975 and October 3, 1975

Station Ho. Smectite Chlorite T1lite Kaolinite Talc
1101 9 -6 38 37
1102 6 11 23 60
1103 14 35 51
1204 11 T 26 63
1205 9 10 79 2
1205a 31 31 38 T
1206 T 20 32 48
1207 10 10 56 24
1308 i T 18 3L 48
1309 ° T 25 50 25
1310 26 ) T Ts] 25
1311 40 60
1412 24 24 24 28
1413 T 43 57
1414 43 57
1415 26 38 36 T

1205a before hurricane
1205 after hurricane

T Trace Amount
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Table 17. The Content (%) of Clay Minerals in
continued Suspended Particulate Matter from

10 m Depth on the West Florida

Shelf
January, 1976
Station no. Smectite Chlorite I1llite Kaolinite Talc
1101 31 9 44 16
1102 15 10 51 o4
1103 19 17 15 49
1204 - 20 8 54 18
1205 - 18 23 31 28
1206 24 5 T1 0
1207 9 12 9 . 65 5
1308 T 13 11 66 10
1309 16 27 30 27
1310 - T 11 70 19
1311 * % * * *
1412 63 2 9 26 0
1413 68 2 12 18 0
1414 83 T T 10 T
1415 74 T 9 13 5

T Trace Amount
Not enough sample

*



_hl_

resuspension ol bottom sediments as the primary carbonate enrichment
procéss.

The zooplankton collected displayed. a remarkable consistency in their
concentrations of various elements (see Table 18). However, iron levels
were elevated on the IV Transect during the winter sampling period.

The meaniron concentration for thewinter (1192 Ppm) was 4-8 times
that of the summer (253 ppm) or the fall (116 ppm ). The concurrently
high iron values for the weak-acid soluble and refractory fraction of the
SF! indicate thet suspended matter could be the cause of the zooplank-
ton's elevated concentrations. In order to determine how much clay would
have to be in our 0.5 gram zocplankton samples in order to elevate the
iron values%a.hove their previous levels, a short calculation was made.

The difference between the mean iron concentration for the winter
and that of the summer and fall for the IV Transect is 1008 ug Fe/g of
zooplankton. Knowing the mean Fe/Al ratio (0.41) of the refractory SPM
for the IV Transect of the winter , one would need "1,230ug of A1/0.5 ¢
of zooplankton to contain sufficient Fe. According to Huang the suspended
mineralogy of the clay minerals was approximately T72%smectite and 37%
kaolinite for the IV Transect. Aluminum constitutes 20% of kaolinite
(Weaver and Pollard, 1?67) and 11% of smectite (Degens, 1965). Using
these assumptions one finds that 11.2 mg of clay (2.2% of sample mass)
are required to elevate iron levels in =zooplankton.

This calculation is based on the assumption that all the iron we
found in the zoovlankton is adsorbed on or contained in clay lattices.

If a free ferric oxide form existed, then this amount of c¢lay would



B L M Z 0O PLANKTON
TOTAL ELEMENT ANALYSIS

CRUISE NUMGBER 1 ELEMENT CONCENTRATION IN PARTS PER MILLION

- - o0 L R R R R S A L L e L o an w0 we o

STATION DEPTH SAMPLE
MASS

NUMBER IN M (MILLIGRAMS) AL CA co CR Cu FE NT PB SI v
""""""""""""""" Ik ax Ik Ik iR TTix T TR
1101 0. 509, N4 NA 4.36 0.2} 8,07 61, 118 0.72 NA B8.95
li02 0. 512, NA NA 6,93 0.67 10,72 116 1.50 2.17 NA 13.02
1103 0 510, NA NA 13,66 0.91 28.98 106, 3.30 1.94 NA 5.65
1204 0 480, NA Na 7.3500%$4 11.08 151, 1.48 1.75 NA 3.95
1205 0s 533, NA NA 752 052 26,34 126 1.86 3.63 NA 12.22
1206 0 524, NA N& 8,33 0,38 9,40 67T, 1.40 1.29 NA 7.40
1207 O 535. NA Na 6,95 0.25 9,67 Si. 1.78 1.24 NA 5.97
1308 0. 395, NA NA 5.34 0.16 14,42 67, 1.93 0*86 NA 1.01
1309 0. 1047, NA NA 4,56 0.06 8.09 54. 0.88 0.40 NA 2617
1310 0. 993, NA NA 5.57 0.69 11,59 83. 223 2.58 NA 1.07
1311 O 309, NA NA 11.85 1.06 15,86 161, 3.59 3,28 NA 1.26
1412 0a 1003, NA NA  10.96 3,23 14.83 553, 2.29 3.03 NA 4*59
1413 0. 394, NA NA 4,20 0,42 15,78 178. 1.94 1,28 NA 11,92
1414 0, 967, NA NA 2.82 0.28 9,55 86, 1.57 0,98 NA 15,32
1415 0. 1008. NA NA 4026 075 31.95 197. 3.79 2,91 NA 7645
#epes =  NOT DETECTABLE
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CRUISE NUMBER 2

STATION DEPTH SAMP%E
MAS
NUMBER IN M (MILLIGRAMS)

1101 0. 518,
1102 0. 567
1103 0. 491,
1204 0, 59C.
1205 0, 505.
1215 O S52l.
1206 U 543,
1207 0, 519,
1308 0o 476,
1309 0. 502,
1310 0. 526a
1311 Co 555,
1412 0a 4860
1413 0. 505,
1414 0. 506,
1415 0. 472,
#e#gue = NOT DETECTABLE

M

NA
NA
NA
NA
N A
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Z 0O

CA

.lx.

NA
NA
NA
NA
NA
NA
NA
NA
Na
NA
NA
NA
NA
NA
NA
NA

PLANKTON
TOTAL ELEMENT ANALYSIS

CcD

P g A S r WY MY B G SNV WA GEL Gt G s e A B T WL TR GO @ 6w

1X

2009
2091
17.95
2.50
10,70
2,80
3.01
3,19
2.53
10.65
12.70
12,17
2055
3*07
23.99
22019

CR

1X

0.17
0.1%6
0,37
0.38
0.30
1.05
0.31
0,17
0.33
0.17
3.81
0,70
.21
0o71
063
5:46

CcuU FE
1X 1X
9.78 55,

14,29 69,
21,66 60,
12,15 77
17.05 87,
21.88 182,
12.43 79
i2.19 62,
13.30 54,
12044 60,
23.4% 52,
19,77 144,
88,01 84,
16,71 %9,
20.34% 94,
42,40 237,

NI

1X

3,15
3046
5.27
091

PB

0.25
0,86
0.79
1.26
3054
4022
2.01
1,17
0*69
1.07
1.18
2.09
066
2652
3.37
13.37

1X

NA
NA
NA
NA
Na
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

1.69
5.66
0.80
5.40
LR RN R ]
0*37
lo42
0e&7
6,75
019
2,05
0628
1,02
34432
0.92
1.04



B LM Z O 0OPL ANKTON
TOTAL ELEMENT ANALYSIS

CRUISE NUMBER 3 ELEMENT CONCENTRATION IN PARTS PER MILLION,,

STATION DEPTH sagg E ’

NUMBER IN M (MILLIGRAMS) AL CA CD CR cuU FE NT PB S1 v
TSSO T VT 0k Ik K axak ik ik TIx T Tax
1101 0. 519, NA NA 5,57 1.59 14,54 38l 1.68 3.26 NA 1.60
1102 0. 537, NA NA  7e86 0.89 14,18 113, 2.07 3*44 NA 0.99
1103 o* 522 NA Na 678 0,19 10.54 53. 3.76 0.67 NA 2035
1204 0. <686, NA Na 3*12 O*54 33,26 173, 1.26 1,78 NA 1.32
1205 0 597. NA NA 4,61 0618 12.55 82. 0.90 0,16 NA l.21
1206 1S 526, NA Na 5033 (0639 12.48 118, 1.32 0,37 NA 2.88
1207 0. 540, NA NA 6,16 wuaew 17,61 60, 1.25 0*34 NA .17
1308 0o 500, NA NA 8o51 2.79 12.47 1892, 2.10 T7.89 NA .79
1309 0. 506, NA NA bo66 0,98 19.43 224, 3.23 0,94 NA 1,77
1310 O 513. NA NA 5084 0.50 13e%4 2440 3,61 12.49 NA 15.22
1311 0 453, NA NA 8.2l 0,33 18,16 100, 5.49 0069 NA 2,05
1412 0, 558 Na Na 3,97 198 11,89 smasss 2065 117 NA 25.41
1413 0o 516, NA NA 269 1,00 24009 1542. 3.54 0.97 NA 3.66
1414 0o 490. NA Na 2485 0,32 17.12 280. 1:54 0,16 NA 3*04
1415 0, 505, NA N& 6ol 0,59 17,70 B892, 2.12 0,80 NA 6,83

il NOT DETECTABLE

il

_.1-('-(—.
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obviously be reduced. The high weak-acid soluble iron values for the

IV Transect indicate that a reduced form of iron could be available,
Assuming the dry weight of an organism to be 1/10 of its wet weight, then
11.2 mg of clay would be 0.2% of the zooplankton {wet vt.) or 2% of
zooplankton (dry wt.). Jgrgensen (1966) has indicated that copepods
show little selectivity in assimilating particles from 1-50 umin diameter
and can efficiently sweep water volumes ranging from 72 to >2,000 ml

2L hr-1 mg dry wt-l. Since the dominant zooplankton of the offshore
stations was Paracalanas, a calanoid copevod and of the inshore station

(1411 ) was Paracalanas , Fucalanas, and fish eggs (data from Caldwell and

Meturo)1l.2mg of clay does not seem to be an unreasonable amount.

The concentration of the remaining elements (Cd, Cr,Cu, Fe, Ni,

P, V) is in good agreement with those reported by other authors (see
Table 19). Variations that did occur between stations and transects were
felt to be due to taxonomic composition, population turnover rates and
geographic location.

Neuston concentrations for the 2nd and 3rd sampling periods are
presented in Tables 20-21. Due to the abundance of foreign objects and
ease of possible contamination, the neuston data is difficult to evaluate.
It is interesting that in every case tar balls were ncted prior to ashing,
there were high vanadium concentrations. ©No readily discernible trends
could be found between time of day, geographical location or period of
sanpling. It will probably be necessary to improve our sampling procedures
before any reasonable biologic interpretations can be made.

Suspended loadsand chemical composition of the suspended matter

indicate a. hi-seasonal water structure for the Northeastern Gulf of Mexico.
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Table 19. The averape truace metal content (ppm) of zooplankton
in the eastern Culf of Mexico in the summer and fall,
1975 and winter, 1.976.

Fe Cr Ni Cd v Pb Cu
1st sampling 137.1 0.67 2.08 7.00 6.80 1.87 15.09
session +125.30  + 75 + .93 +3.1 +h .67 +1.02 + 7.76
(June, 1975)
ond sampling 91.55 0.94 3.76 8. 47 L.02 2.44 22.37
session + 54.14 +1.5 +3.22 +7.53 +8.58 +3.1% +19.1h
(Sept., 1975)
3rd sempling 549.6 0.88 2.41 5.82 5.02 2.3 15.30
session +701.1 + 76 *#1.25 +2.17 +6.68 +3.45 + 3.63

(Can. , 1976)

fartin and 34k 3.9 6.2 6.9 5.4
“nauer (1972)

‘icnterey Bay

3ims (1975) 1,181 3.9 1.9 10.0 16.2
Aindom (1972) 3.9 32.0 82.0
vartin (1970) 1,200 42.0 49.3 41.0
Topping (1972) 1.0 15.0 16.2
vartin and 348 2.4 7.2 15.44

nauer (1974)
Pacific
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TARLE 20 - continued

B L M NEUSTON
TOTAL ELEMENT ANALYSIS

CRUISE NUMBER 2 ELEMENT_ CONCENTRATIONINPARTS PERMILLION
STATION DEPRPTH Saxg%E
NUMBER IN M (MILLIGRAMS) AL CA coD CR cu FE NI PB S1 Y
T T T XXX ix o ax o a1k 1x 1xTix T TIxe
1308 0 512, NA NA 2.25 0.49 23.86 94,0 1.34 2,91 NA 1,33
1308 0. 529, NA NA 2493 2,13 17,11 293.0 2.19 12,13 NA 0.93
1309 0. 506, NA NA& 6.00 0.66 17.37 538,0 6,08 1,75 NA <e#sss
1309 c 488, NA NA 6,19 1,39 24.28 1796.0 3.66 5,59 NA 0,41
1310 0 467, NA NA 26085 1,27 2060 3130.0 9.25 5.34 NA 11,40
1310 0 489. NA NA 0,60 0.04 22,10 675.,0 6.3¢ 0,99 NA 2.57
1311 0. 498, NA NA 0.31 0.36 19,60 1500,0 8.66 1,45 NA 6.43
1311 0, 698, NA NA  3.95 04,08 57090 186.0 2.33 0,45 NA 1.11
1412 0 502. NA NA 1.00 0.83 11,80 467.0 2,07 1.1} NA 0.37
1412 0, 495, NA NA 0,56 0.56 14,90 360,0 2.22 0.99 NA 2%20
1413 0 501, NA NA 1,19 0,45 13.50 673.0 2.31 0.86 NA 0.94%
1413 0 501, NA NA 0.35 0,49 26,40 6456%,0 6.59 1,66 NA 2,65
1414 0 477, NA NA 3,52 0.30 23,20 10S0.0 11.25 0.99 NA 1.98
1614 0 493, NA NA S5.462 0,18 33050 29.2 1,05 1,60 NA 1,27
1415 0, 492. NA NA 2,71 0.84 38,302920,0 $.53 0,94 NA 10,20
1415 0 512, NA NA 1.66 0,11 28.40 74.4 1,97 2.92 NA &szes

#&&e® = NOT DETECTABLE
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The chemical comnosition also appears to reflect an environment of resus-

pended bottom sediments during the winter which is being transported to
the 183 m contour on some stations (1103, 1415) . During the re-
mainder of the year the suspended loads appear to be dominated by
biological particles both carbtonate and siliceous.

Suspended matter composition is a reflection of the source of the
varticles vhether bilogenic or terrestrial and their relative abundance.

¥nowledge of the composition of the susvended matter at various geographic

-t

ocations, time of year and denth could serve as an invaluable tool for
detecting and tracing elevated metal pollutant levels.

Zoovlankton which were collected on obligue trawls of the water
column showed high iron concentrations at those stations having increased
amounts of clav-rich susvended material. Zocplankton, reflecting this
seasonal change in suspended matter, are likely to reflect similar signi-
ficant alterations of the water column in the case of injected pollutants.
0il, known to contain elevated levelsof nickel and vanadium (Smith, et al.,
1975), is biodegraded by marine bacteria {ZoBell, 1962) which in turn
are a portion of the food source for =zooplankton. Since nickel and
vanadium were detectable in all zooprlankton samples, any significant
increases in their “concentrations could be detected and hopefully corre-

lated with changes in their hydrocarbon content.
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